Hospital-associated infections (HAIs) are the leading cause of morbidity and 24 mortality in intensive care units (ICUs) and neonatal intensive care units (NICUs). 25
units. The greater diversity in NICU could be explained, in part, due to the higher transit 168 of visitors (e.g., children's parents or relatives) compared with the more restrictive transit 169 in ICU. 170
Beta diversity analysis ( Fig. 2C-D) of the microbiota for each care unit revealed 171 distinct, but overlapping, profile (ANOSIM, R= 0.3066; p-value < 0.001). A high level 172 of variation among some samples was observed supplemented by less pronounced but 173 distinct variation between ICU/NICU samples closer to the patient (boxes area) 174 (ANOSIM, R= 0.50756; p-value < 0.001) (Fig. S2C) . Samples from the common area 175 did not show a significant difference (Fig. S2D) . Boxes area samples from ward A and 176 B, belonging to the same care unit, did not show a significant difference (Fig. S2E-F) . 177 This analysis suggests that ICU and NICU carry a distinct microbial diversity. Besides, it 178
is also important to remark that more significant differences were observed in the 179 confined area closer to the patients (boxes). These areas are selective environments, 180
where antimicrobial therapies and stringent cleaning protocols are routinely applied. 181
182

Identification of HAI-related genera in neglected (N)ICU surfaces 183 184
Evidence suggests that hospital computers (keyboard and mouse) and staff's 185 mobiles may serve as reservoirs for bacteria associated with HAI within the healthcare 186 environment and facilitate the cross-contamination among hospital wards [24] [25] [26] . 187
Taxonomically, ICU mobiles revealed a far greater abundance of Acinetobacter, 188
Sphingomonas, and Brevundimonas (Fig. 3A) . These genera are usually found in moist 189 environments and can show a high risk for HAI in immunocompromised patients. 190 Besides, other genera associated with human microflora were also found in high 191 abundances, such as Lactobacillus (mouth and vaginal flora) and Anaerobiospirillum 192 (human, cat, and dog feces) [27] . NICU mobiles showed a greater abundance of 193 Fusobacterium, Neisseria, Rothia, Granulicatella, and Streptococcus (Fig. 3A) that are 194 part of the oronasopharynx or skin microflora. However, they can also be associated with 195 severe infections in patients with a weakened immune system. Our data are consistent 196 with previous studies that have reported that although mobiles can work as a repository 197 to opportunistic pathogens, portions of their bacteria are also found on the human 198 microbiome (owner's body) [28] . 199
Computers are indispensable in contemporaneous hospitals, and consequently, 200 keyboard and mouse may be contaminated with dangerous pathogenic bacteria [29, 30] . 201 Here, we found potential opportunistic genera such as Kocuria (present at the skin and 202 oral flora) and Methylobacterium in great abundance in ICU computers whereas NICU 203 computers were enriched with Rothia, Granulicatella, Streptococcus, Micrococcus, and 204 Prevotella (Fig. 3A) . Another important, but generally neglected, potential vector of 205 pathogens are the medical records (aka medical charts), especially those from (N)ICUs 206 [31, 32] . ICU medical records were enriched with Dietzia and Flavobacterium. NICU 207 medical records were similar to NICU computers, except for being more abundant in 208
Bacteroides (Fig. 3A) . Moreover, fecal indicators were detected in a high proportion of 209 NICU medical records (Fig. S3A) . A hierarchical clustering analysis ( Fig. 3B) based on 210 the taxonomy of the ICU and NICU samples grouped them into two major clusters. Most 211 of the samples from the same unit were clustered together indicating their similarity. 212
Nonetheless, the microbiota community of ICU mobiles and handles were dispersed: 213 mobiles-ICUab clustered closely with NICU ventilators (and mobiles), while ICU 214 handles clustered with NICU handles group. These samples belonged to a cluster that 215 revealed an almost absent Bacillus and higher frequency of Streptococcus, among other 216 differences ( Fig. 3A-B) . Medical records were taxonomy similar to computers and also 217 closer to monitors (Fig. 3B) . Generally, for each unit, samples from surfaces frequently 218 touched by HCW clustered together (Fig. S4A-B) . These samples showed a higher 219 abundance of skin-associated genera. The effects of these contamination sources for the 220 patients were not part of this study. However, based on a vast literature, it is highly 221 recommended to sensitize healthcare staff to sanitize mobiles, hands, computers and 222 medical records (often neglected) to prevent cross-contamination within the hospital 223 environment. 224
225
Identification of ICU and NICU bacterial biomarkers 226 227
Across the ICU and NICU samples, different biogeographical patterns were 228 observed for the different microbiotas. LEfSe analysis was performed to identify the 229 distinguishing genera between ICU and NICU (Fig. 4A) . LEfSe is a method that allows 230 biomarker discovery most likely to explain differences between groups based on 231 statistical significance, biological consistency and effect relevance [33] . In total, 25 232 genera were identified with LDA scores > 3.0. At the genus level, 11 specific biomarkers 233 were present in NICU and 6 in ICU. All of them were both highly discriminatory and 234 significantly different (p-value and FDR < 0.05) in term of abundances (Fig. 4B) Community-level relationships among the top 50 abundant bacterial genera were 252 investigated through Pearson's r correlation analysis (Fig. 5) . Microbial interaction has 253 an essential influence on antibiotic resistance and pathogenicity. In the ICU microbiome 254 (Fig. 5A) Pseudoxanthomonas showed negative correlations with all the five clusters cited above. 264
In the NICU (Fig. 5B) sequences of 117 and 94 genera, for before and after cleaning respectively (Fig. 6A) . 304
Seven percent of the OTUs could not be classified to genera level (NA). These 305 unclassified groups had higher relative abundance in cufflator-ICUab (35%). Samples 306 after cleaning showed a slight but significant decrease in the diversity (Kruskal-Wallis 307 test, p-value < 0.05) (Fig. 6B) . However, noticeable variation was observed within the 308 sample types (Fig. S6A) . Beta diversity analysis revealed distinct, but overlapping, 309 profile (R= 0.091961; p-value < 0.05) (Fig. 6C) . Most of the samples from ICU ward-A 310 after cleaning clustered separately from the rest of the surfaces. Quite remarkably, these 311 differences in diversity after cleaning reveal that the procedure did not have the same 312 effect on all surfaces. Although it is known that different microbiomes may exert different 313 effects on cleaning [37], this was not the case, since no significant difference between 314 room A and B was observed prior to cleaning. Therefore, differences in the effect of 315 cleanliness on diversity could be explained, in part, by a lack of standardization in the 316 protocol. 317
The samples either before or after cleaning were inhabited by high relative 318 abundances (~65%) of Bacillus, Pseudoxanthomonas, Thermomonas, Staphylococcus, 319
Castellaniella, and Acinetobacter. Core microbiome analysis showed that 19 genera were 320 shared in 80% of all samples (before and after) at the minimum detection threshold of 321 0.001% relative abundance (Fig. 6D) . Most notably, the most abundant genera were also 322 clearly most prevalent in the core microbiome before and after cleaning. Gram-positive 323 bacteria were found in higher abundance (before ─ 53%; after ─ 51%, respectively), 324
showing 45 different genera before and 30 after cleaning (33% less). Furthermore, Gram-325 negative bacteria revealed higher diversity, with 72 genera before and 64 after cleaning 326 (11% less). Most of the genera absent after cleaning showed very low abundance (< 327 0.05%) before cleaning. The HAI-related organism Chryseobacterium, and 328
Clostridium_XI are among the genera absent (or extremely low) after cleaning. Besides 329 these absent genera, using the statistical parameters p-value and FDR < 0.05, no other 330 analyzed genera showed a significant difference between the average abundance 331 calculated for all samples before and after cleaning. However, the HAI-related genera 332
Comamonas, Pseudomonas, Enterobacter, Kocuria, Ralstonia, and Delfitia showed a 333 decrease, while Leptotrichia, Streptococcus, and Acinetobacter presented an increase on 334 average abundance ≥two-fold after cleaning (Fig. S7A) . Curiously, cleaning efficiency 335 was notably variable among the samples (Fig. S7B) performed by different nurses. Based on hierarchical clustering analysis, before cleaning 363 (Fig. 7B) most of the samples with the same functionality, but from different wards, were 364 clustered together indicating their similarity. Nonetheless, the microbiota community 365 after cleaning (Fig. 7C) revealed a higher dispersion among the samples. We speculate 366 that cleaning could be a way of spreading colonizing genera from one surface to another, 367 but that over time there may be a reestablishment of the microbial community related to 368 a specific sample. 369 370
Cleaning procedures generates substantial rearrangements in the community-level 371 structures 372
To investigate the changes in the microbial community structure before and after 373 cleaning the correlation coefficients among the top 50 genera was analyzed (Fig. 8A-B) . 374
For the microbiome before cleaning, four distinct clusters (i-iv) were detected with 375 significant positive co-occurrence (Fig. 8A) Novosphingobium. However, most of these HAI-related genera revealed a strong negative 389 correlation with Pseudoxanthomonas (except Delftia and Novosphingobium). The 390 correlation data showed a predominance of Proteobacteria among most of the clusters. 391
Proteobacteria are predominant in the skin of the forearm [52] and are highly associated 392 with biofilms formation on the surface of devices used on ICUs [36] . Several genera 393 relationships were quite stable to disinfection stress because it was found clustered both 394 before and after cleaning. In all the clusters were found genera associated with species 395 able to form biofilms. Genera associated with xenobiotic metabolism were found among 396 the clusters i-iv, and ii-v before and after cleaning, respectively [53, 54] . After cleaning it 397 was noticed a redistribution of some genera in new clusters. For example, a more 398 extensive cluster involving ten HAI-related genera (ii) was formed after cleaning, this 399 cluster included a mixture of several genera found in clusters i-iv before cleaning. 400
Although this cluster analysis is useful to visualize the dynamics of microbiotas with the 401 cleaning efficiency, further studies will be required to understand the exact changes in the 402 microbe-microbe interactions underlying the differences observed across time. 403
Conclusions 405
The relevance of spatial composition of the microbial communities within a 406 hospital is unclear. To our knowledge, this is the first study using deep sequencing of 407 inanimate surfaces samples to develop a spatial assessment of the microbial community 408 in ICU and NICU wards within the same hospital. In this comprehensive study, we 409 observed a peculiar spatial structure between ICU and NICU microbiota in one of the 410 largest hospitals in Brazil. The data revealed that among the samples analyzed, NICU 411 presents higher biodiversity than in the ICU. Genera considered "survival specialists" are 412 handle, hospital cards, medical records, drug station, and nurse's mobiles were also 457 swabbed. All sampling locations and their characteristics are given in Fig.1 and Table 1 . 458
The following code was used to name the samples: Samples-Unit (ICU or NICU) ward 459 swabs were streaked across a 400-cm 2 area in four different directions with firm 462 movements for 2 minutes; swabs were rotated to ensure full contact of all parts of the 463 swab tip and the surface. After a surface was sampled, the swab was immediately placed 464 into sterile 15-ml Falcon tubes containing 1 mL of sterile Amies media and stored in a 465 4°C cooler until returning to the laboratory. In the laboratory, due to extremely low 466 biomass, samples from a similar source and the same ward were pooled together −, e.g., 467
four monitors from NICU ward A is a pool, and four monitors from NICU ward B another 468 pool− generating 43 pooled samples. Then, the samples were concentrated to 500 µL by 469 centrifugation (10000 g / 20min), and DNA was extracted using the MoBio Powersoil 470 DNA isolation kit, then stored in a -80°C freezer until further processing. 471 higher than 20 based on Phred quality, and duplicate reads were removed using the 501 Prinseq program [57] . The QIIME software package version 1.9.1 was used to filter reads 502 and determine Operational Taxonomic Units (OTUs) as described in Caporaso et al. 503
472
Concurrent cleaning procedures in the ICU
(2010). The Usearch algorithm was used to cluster the reads OTUs with a 97% cutoff, 504 and to assign taxonomy using the Ribosomal Database Project (RDPII) version 10 [58]. 505 Bacterial sequences were de-noised, and suspected chimeras were removed using the 506 OTU pipe function within QIIME. Sequence data were summarized at the phylum, class, 507 and family levels; Also, Alpha_diversity.py in QIIME was used to calculate ACE, Chao1, 508
Shannon, and Simpson indices. Principal coordinate analyses (PCoA) were conducted to 509 evaluate differences in community structure among experimental groups (β-diversity). 510
For further statistical analysis and visualization, OTU table with taxa in plain 511 format and metadata file were uploaded to the MicrobiomeAnalyst tool (available at 512 http://www.microbiomeanalyst.ca) [59] . Shallow abundant features were filtered using 513 options; minimum count 4, low-count filter based on 20% prevalence in samples. For 514 comparative analyses, a low variance filter was applied based on Inter-quantile range and 515 removing the 10% lowest features. Data were rarefied to the minimum library size and 516 normalized using total sum scaling (TSS) before any statistical comparisons [60] . 517 518 519
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